CLASSI DI ONCOGENI 

a) Proteine con azione di 
fattori di crescita 

b) Recettori di membrana per 
fattori di crescita 



c) Proteine implicate nella 
trasduzione del segnale 



ii. 

il legame del fattore 

di crescita 
al recettore causa 
il legame 
del trasduttore 



i. 

oncogene 
mutato che 
codifica per 
proteine 
di trasduzione 




. . . 

in. 

dopo il rilascio 
del fattore 
di crescita 
il recettore 
continua a legare 
il trasduttore 

iv. 

il recettore 
continua a 
segnalare al nucleo 
di promuovere la 
divisione cellulare 



Table 15-5 The Ras Superfamily of Monomeric GTPases 
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than by phosphorylation. (B) A GTP- 
binding protein is induced to exchange its 
bound GDP for GTP, which activates the 
protein; the protein then inactivates itself 
by hydrolyzing its bound GTP to GDP. 



CCCGGG CCGCAGGCCC TTGAGGAGCG 

giy ^ proto-oncogene 
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Growth factor 
Growth factor receptor 



Famesyl 
membrane anchor 




RAF-1 



Bridging Activates 
p rotei n 



Inactivation by 
hydrolysis of GTP 
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Model for action of RAS genes. When a normal celi is stimulated through a growth factor receptor, inactive (GDP-bound) 
RAS is activated to a GTP-bound state. Activated RAS recruits RAF and stimulates the MAP-kinase pathway to transmit 
growth-promoting signals to the nucleus. The mutant RAS protein is permanentlv activated because of inabilitv to hvdrolvze 
GTP, leadin g to continuous stim ulation of cells withou t any external trigger. T he anchoring of RAS to the celi membrane by 

the famesyl moiety is essential for its action. 



Table 4.2 A list of point-mutated ras oncogenes carried by a variety 
of human tumor cells 



Tumor type 


Proportion (%) of tumors carrying a 
point-mutated ras gene 8 


Pancreas 


90 K 


Thyroid (papillary) 


60 (H, K, N) 


Thyroid (follicular) 


55 (H, K, N) 


Colorectal 


45 (K) 


Seminoma 


45 (K f N) 


Myelodysplasia 


40 (N, K) 


Lung (non-small-cell) 


35 (K) 


Acute myelogenous leukemia 


30 (N) 


Liver 


30 (N) 


Melanoma 


15 (K) 


Bladder 


10 (K) 


Kidney 


10 H 



a H, K, and N refer to the human H-RAS, K-RAS, and N-RAS genes, respectively. 
Adapted from J. Downward, Nat. Rev. Cancer 3:1 1-22, 2003. 
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In rosso: molecole mutate con guadagno di funzione in tumori 



In blu: molecole implicate nella trasformazione neoplastica in 
cellule con Ras mutato 
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CLASSI DI ONCOGENI 



a) Proteine con azione di 
fattori di crescita 



b) Recettori di membrana 
per fattori di crescita 



c) Proteine di trasduzione 
del segnale 
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adattatore p85) 
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(A) SIGNALING BY PHOSPHORYLATION 



(A) A protein kinase covalently adds a 
phosphate from ATP to the signaling 
protein, and a protein phosphatase 
removes the phosphate. Although not 
shown, some signaling proteins are 
activated by dephosphorylation rather 
than by phosphorylation. (B) < 
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Fig. 33.32 - Ruolo delle chinasi (fosforilazione) e delle fosfatasi (defosforilazione) nella modulazione dell'attività delle proteine 
e loro ruolo generale nella cancerosenesi. 
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Fig. 33.38 - Struttura generale e omologia delle principali chinasi (chinasi A, chinasi C, chinasi src e chinasi recettoriali. 
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Figure 12.1 Non-receptor protein tyrosine kinases. Thes e protein kinases form a 
large family. h'fos^^Reff^ontoirrSH^Tn^ were originally 

discovered as transforming genes of a virai genome, hence names like src or abl, derived 
from Rous sarcoma virus or Abelson murine leukaemia virus. Adapted from Hunter. 1 




Tab. 33.15 - Proteine-bersaglio delle Tirosin- 
Chinasi. 



a) Proteine coinvolte nella trasduzione del segnale 

- Recettori (fosforilazione, autofosforilazione) 

- Fosfolipasi C 

- Chinasi dipendente dal PIP 3 . 

- Proteine ras-GAP 

- Chinasi raf 

b) Proteine citoscheletriche 

- Lipocortina 

- Fodrina, proteina banda 3 della membrana eritrocitaria 

- Proteina p36 del terminal web. 

- a-tubulina e MAP-2 

- Proteine delle giunzioni comunicanti (CAM connessine) 

- Vinculina, talina. 

- Chinasi della placca di adesione (FAK) 

- Integrine varie 

c) Enzimi citosolici 

- Enzimi glicolitici: 

enolasi 

LDH, lattatodeidrogenasi 
fosfogliceromutasi 

- Chinasi ribosomiale S6 

- Proteina p50 

- Altre chinasi citosoliche. 

d) Segnali ed enzimi nucleari 

- Fattori di trascrizione 

- Cicline 

- Istoni 

- Protamine 



Kinase 

(catalytic 

domain) 




A FIGURE 23-17 Structure of Src tyrosine kinases and 
activation by an oncogenic mutation. (a) Three-dimensional 
structure of Hck, one of several Src kinases in mammals. 
Binding of phosphotyrosine 527 to the SH2 domain induces 
conformational strains in the SH3 and kinase domains, distorting 
the kinase active site so it is catalytically inactive. The kinase 
activity of cellular Src proteins is normally activated by removing 
the phosphate on tyrosine 527. (b) Domain structure of c-Src 
and v-Src. Phosphorylation of tyrosine 527 by Csk, another 
cellular tyrosine kinase, inactivates the Src kinase activity. The 
transforming v-Src oncoprotein encoded by Rous sarcoma virus 
is missing the C-terminal 18 amino acids including tyrosine 527 
and thus is constitutively active. [Part (a) from F. Sicheri et al., 
1997, Nature 385:602. See alsoT. Pawson, 1997, Nature 385:582, and 
W. Xu et al., 1997, Nature 385:595.] 
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A FIGURE 23-17 Structure of Src tyrosine kinases and 
activation by an oncogenic mutation. (a) Three-dimensional 
structure of Hck, one of several Src kinases in mammals. 
Binding of phosphotyrosine 527 to the SH2 domain induces 
conformational strains in the SH3 and kinase domains, distorting 
the kinase active site so it is catalytically inactive. The kinase 
activity of cellular Src proteins is normally activated by removing 
the phosphate on tyrosine 527. (b) Domain structure of c-Src 
and v-Src. Phosphorylation of tyrosine 527 by Csk, another 
cellular tyrosine kinase, inactivates the Src kinase activity. The 
transforming v-Src oncoprotein encoded by Rous sarcoma virus 
is missing the C-terminal 18 amino acids including tyrosine 527 
and thus is constitutively active. [Part (a) from F. Sicheri et al., 
1997, Nature 385:602. See alsoT. Pawson, 1997, Nature 385:582, and 
W. Xu et al., 1997, Nature 385:595.] 
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FIGURE 28.43 Left: Adherent plaque in a norma] celi (schematic). Riglrt: Celi transformed by the Rous sarcoma virus; p60v-w 
appears in the adhesion plaque, and vinculin is round ro he phosphorylated on ryrosinc. Phosphorylation by p60v-src may disrupt the 
vinculin link and therebv contribute to the typical disorganization or actin bundles in transformed cells. (Adapted with permission 
from [123].) 





Fig. 33.43 - Organizzazione molecolare della placca focale di adesione e principali siti di azione delle tirosin-chinasi. 
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i Figura 21.17 - Effetti sul citoscheletro dell'abnorme stato di fosforilazione associata a un guadagno di 
funzione di una tirosin chinasi oncogenica (SRC). 
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Figura 4-12. Rappresentazione schematica dei meccanismi mediante i quali l'ECM (per es. fibronectina e laminina) e 
fattori di crescita possono influenzare la proliferazione cellulare, la motilità, il differenziamento, e la sintesi proteica. 
Le integrine si legano all'ECM ed interagiscono col citoscheletro nelle placche di adesione focale (complessi proteici che 
comprendono vinculina, a-actinina e talina). Ciò induce la produzione di messaggeri intracellulari o l'attivazione diret- 
ta di segnali nucleari. Anche recettori di membrana per fattori di crescita possono dare inizio a questi eventi. 
Nell'insieme, questi segnali vengono integrati dalla cellula per produrre risposte diverse, come modificazioni nella cre- 
scita, nella locomozione e nel differenziamento. 
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Sequestro nel citoplasma 
(legata a proteine 14-3-3) 
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Table 6.3 Effects of Akt/PKB on survival, proliferation, and celi growth 



Biological effect 


Substrate of Akt/PKB 


Functional consequence I 


Anti-apoptotic 








Bad (pro-apoptotic) a 


inhibition 




caspase-9 (pro-apoptotic) b 


inhibition 




IkB kinase (anti-apoptotic) c 


activation 




FOX01 TF (pro-apoptotic) d 


inhibition 




Mdm2 (anti-apoptotic) e 


activation 


Proliferative 








GSK-3R (anti-oroliferative)* 


inhibition 

■ ■■■■■ %J ILI I 1 




FOX04 (anti-proliferative)Q 


inhibition 




P 21 C 'P 1 (anti-proliferative) h 


inhibition 


Growth 








Tsc2 (anti-growth)' 


inhibition 



a Bad is an antagonist of Bcl-X; both are members of the Bcl-2 family of proteins controlling pores in the 
mitochondrial membrane (Section 9.13). 

b Caspase-9 is a component of the protease cascade that effects the apoptotic program (Section 9*1 3). 
c IkB kinase, usuai ly indicateci as IKK, is phosphorylated and activated by Akt/PKB (Section 6.12). 
d Phosphorylation of the forkhead (FOXOl , previously called FKHR) TF prevents its nuclear translocation and 
subsequent activation of pro-apoptotic genes. 

e Mdm2, once phosphorylated by Akt/PKB, is activated and proceeds to trigger the destruction of p53 
(Section 9.7). 

f Akt/PKB phosphorylates and inactivates glycogen synthase kinase 3(3 (GSK-3p) activity, which is normally 
responsible for phosphorylating cyclin DI (Section 8.5), causing its degradation. 

9 FOX04 (formerly called AFX) induces expression of the CDK-i nhibitor p27 Kip1 (Section 8.4) gene and some 
pro-apoptotic genes; once phosphorylated by Akt/PKB, FOX04 is exported f rom the nucleus. 
h p21 cip1 is a CDK inhibitor like p27 Ki P 1 (Section 8.4). Phosphorylation by Akt/PKB causes it to exit the nucleus. 
Once in the cytoplasm, the resulting phosphorylated p21 clp1 has been reported to act as a caspase inhibitor, 
thereby acquiring anti-apoptotic f unctions (Section 9.1 3). 

'Phosphorylation of Tsc2 by Akt/PKB causes the Tscl /Tsc2 complex to dissociate, allowing activation of mTOR, 
which proceeds to up-regulate protein synthesis (Section 16.15). 

Table 6.3 The Biology of Cancer (© Garland Science 2007) 



Alteration of the PI3K pathwav in human tumors 




Table 6.4 Alteration of the PI3K pathway in human tumors 



Cancer type 


Type of alteration 


Glioblastoma (25-50%) 


PTEN mutation 


Ovarian carcinoma 


PTEN mutation; AKT2 amplification; 




r/j/( ampiirication, rUK poba. mutation 


Breast carcinoma 


increased Akt1 activity; AKT2 amplification; 




PTEN mutation 


Endometrial carcinoma (35%) 


PTEN mutation; PTEN methylation 3 


Hepatocellular carcinoma 


PTEN mutation 


Melanoma 


PTEN mutation; PTEN methylation 3 


Lung carcinoma 


PTEN mutation 


Renai celi carcinoma 


PTEN mutation 


Thyroid carcinoma 


PTEN mutation; Akt/PKB overexpression 


Lymphoid 


PTEN mutation 


Prostate carcinoma (40-50%) 


PTEN mutation 


Colon carcinoma (>30%) 


Akt/PKB overexpression; PI3K mutation 



a Methylation refers to repression of transcription of a gene through methylation of cytidines in 
its promoter; see Section 7.8. 



Adapted from I.Vivanco and C.L.Sawyers,The phosphatidylinositol 3-kinase-AKT pathway in 
human cancer, Nat Rev. Cancer 2:489-501, 2002. 
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such as Src and Ras 



Notch 



MYC 



Gppp. 



AAA 



Activated transcription 
factors such as Notch 
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Nucleus 
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Figura 7.8. L'espressione costitutiva de! c-MYC, causata dalla traslocazione cromosomica (8,14) 
(q24;q32) che caratterizza il linfoma di Burkitt, altera il funzionamento di un sistema di controllo 
della trascrizione genica regolato dall'equilibrato rapporto tra i dimeri che il fattore Max forma con 
distinte proteine nucleari. In presenza di dimeri Max/Myc, la trascrizione di alcuni geni è attivata; in 
presenza di dimeri Max/Mad o Max/Mxi-1, essa è invece repressa. Ciò perché le proteine Mad e 
Mxi-1 interagiscono con repressori della trascrizione analoghi ai prodotti (Sin3A e Sin3B) del gene 
SIN3 dei lieviti. I geni la cui trascrizione è regolata da questo sistema di controllo codificano per 
proteine (oc-prottmosina, ornitina decarbossilasi, cicline e chinasi cicline-dipendenti) attive nella 
replicazione cellulare 



Proliferation ) 



Myc 
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dbie 1 1 MYC-regulated activities and gene targets associated with transformation 



Functional class 


Description of function 


Examples of responsible genes* 


Celi cycle 


MYC-ER activation drives quiescent cells to enter 
and transit through the celi cycle; primary cells from 
conditional knockout mice arrest in the absence of MYC 
expression 


Cyclin D2, CDK4 (induced); p21, pl5, GADD45 
(repressed) 


Differentiation 


Deregulated MYC blocks differentiation of many celi 
systems; MYC accelerates epidermal differentiation 


CEBP(repressed) 


Celi growth, metabolism and 
protein synthesis 


MYC expression levels are associated with body size 
owing to regulation of celi size and celi number 


Lactate dehydrogenase, CAD, ODC, ribosomal 
proteins, EIF4E, EIF2A (induced) 


Celi adhesion and migration 


MYC drives tumorigenesis in part by allowing for 
anchorage-independent growth 


N-cadherin, integrins(both repressed) 


Angiogenesis 


MYC induces angiogenesis in a wide range of tissues 


ILip, miR-17-92 microRNA cluster (induced), 
thrombospondin (repressed) 


ROS,DNAbreaksand 
chromosomal instability 


MYC can contribute to instability, trigger telomere 
aggregation and increase ROS production 


MAD2J0P1, BUBR1, cyclin Bl, MT-MCI 


Stem celi self-renewal and/or 
differentiation 


Ectopie MYC can potentiate induced pluripotent stem 
cells; MYC can control the balance between stem celi 
self-renewal and differentiation 


To be determined, potentially genes associated with 
celi cycle, immortalization, adhesion and migration 


Transformation 


MYC can drive focus formation and anchorage- 
indepenent growth in vitro and full tumorigenesis in vivo; 
MYC is often deregulated in primary human cancers 


Multiple targets are thought to contribute to 
transformation 



This information is adapted from Dang 13S . *For further information see MYC Cancer Gene . CDK, cyclin-dependent kinase; CEBP, CCAAT/enhancer-binding protein; 
EIF, eukaryotic translation initiation faeton ER, oestrogen receptor; ILlp, interleukin lp; MT-MCI, MYC target in myeloid cells 1; ROS, reactive oxygen species; 
TOPI, topoisomerase 1. 
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TABELLA 7-7 Principali componenti del ciclo cellulare 
Componenti del ciclo cellulare Principali funzioni 

Chinasi dolina-dipendente 

• CDK4 Forma un complesso con la ciclina D. Il complesso fosforila RB, permettendo alla cellula di procedere 

attraverso il punto di restrizione Gì 

• CDK2 Forma un complesso con la ciclina E nella tarda fase G 1# questo complesso è importante nella 

transizione GJS. Forma un complesso con la ciclina A nella fase S che facilita la transizione G 2 /M 

• CDK1 Forma un complesso con la ciclina B, che agisce sulla transizione G 2 /M 




TABELLA 7-7 Principali componenti del ciclo cellulare e loro inibitori 
Componenti del ciclo cellulare Principali funzioni 



Chinasi ciclina-dipendente 
Inibitori 

• Famiglia Cip/Kip: p21, p27 Bloccano il ciclo cellulare legandosi ai complessi ciclina-CDK. p21 è indotto dal gene oncosoppressore 

p53. p27 risponde agli inibitori della crescita come il transforming growth factor-p 

• Famiglia 1NK4/ARF: p16INK4a si lega al complesso ciclina D-CDK4 e favorisce l'azione inibente di RB. 
P16INK4A, p14ARF p14ARF aumenta i livelli di p53 per inibizione dell'attività di MDM2 



GROWTH INHIBITORS 
(TGF-p. p53, others) 



Stimulate 



CDK Inhibitors 
(Cip/Kip and INK4a* 
celi cycle inhbitors) 




Inactivate 



*Cyclin D/CDK4 * 
Cyclin E/CDK2 




GROWTH FACTORS 
(EGF, TGF-a, 
HGF, PDGF) 



Act vate 



ONCOGENIC VIRUSES 
(HPV-E7 protein: 
SV40-T antigen) 



Hyperphosphorylated 
RB 



Hypophosphorylated 
RB* 



Bind 



Regolatori del ciclo cellulare 










Cicline 


Ciclina D 


TrPì^lopr)7Ìonp 








Amplificazione 




Ciclina E 


Iperespressione 


Chinasi ciclino-dipendenti 


CDK4 


Amplificazione o 








mutazione puntiforme 











Linfoma mantellare 

Tumori della mammella e dell'esofago 

Tumori della mammella 

Glioblastoma, melanoma, sarcoma 



Table 1 | Representative mouse models carrying gene-targeted CDK alleles* 



Kinase 


Cenotype 


Phenotype 


Refs 




CDK4 


Cdk4 R24C/R24C 


Mice expressing an endogenous Ink4-insensitive 
CDK4 R24C mutant develop a variety of tumour 
types with complete penetrance 


49,51 


CDK4 


Cdk4 R24C/R24C ;Cdjcnlb -/- 


Mice develop aggressive pituitary tumours with 
short latency (8—10 weeks) 


49,137 




Table 2 | Representative specific CDK inhibitors in clinical trials (single-agent trials) 



Compound 


Primary target(s) 


Clinical trials 


Sponsor 


AG-024322 


CDKl 
CDK2 
CDK4 


Phase 1. advanced cancer: NCT00147485 
Discontinued (2007) 


Pfizer 


AT-7519 


CDKl 
CDK2 
CDK4 
CDK5 


Phase l/ll, advanced or metastatic tumours: 

NCT00390117 


Astex 




P276-00 


CDKl 
CDK4 
CDK9 


Phase l/ll, advanced refractory neoplasms: 
NCT00407498 


Piramal 


P1446A-05 


CDK4 


Phase 1, advanced refractory malignancies: 

NCT00772876 


Piramal 


PD-0332991 


CDK4 


Phase 1. advanced cancer: NCT00141297 


Pfizer 


R547 (also known as 
Ro-4584820) 


CDKl 
CDK2 
CDK4 
CDK7 


Phase 1. advanced solid tumours: NCT00400296 


Hoffmann- 
LaRoche 


Roscovitine (also known 
as seliciclib and CYC202) 


CDK2 
CDK7 
CDK8 
CDK9 


Phase II, non-small celi lung cancer, nasopharyngeal 
cancer. haematological tumours: NCT00372073 


Cyclacel 


SNS-032 (also known as 
BMS-387032) 


CDKl 
CDK2 
CDK4 
CDK7 
CDK9 


Phase 1. B-lymphoid malignancies: NCT00446342 
Phase 1. solid tumours: NCT00292864 


Sunesis 



CDK, cyclin-dependent kinase: 



CLASSI DI ONCOGENI 

a) Proteine con azione di b) Recettori di membrana c) Proteine di trasduzione 
fattori di crescita per fattori di crescita del segnale 

d) Proteine che si legano al DNA ed e) Proteine che regolano positivamente 

agiscono da fattori di trascrizione il ciclo cellulare 



f) Proteine che prevengono l'apoptosi 

Impairedapoptosis isa centrai stop towards neoplasia. Pro-sut vivai lkl2-likc proteina 
can proni ite i u mo riteneste, and certa inpro-apoptotic re lativesact utumouf 
suppi essors. Moreovei . the expression of farnily memi • t n is al'fo ted by otfaef 
tulDorlgcnk alterations (for example.p53 niutation). 




DNA damage 




DNA repair 



Genome instability 

e.g. oncogene activation, 

mutations in d53 and 




Apoptosis 



Figure 1 1 The pathway from DNA damage to 
cancer. To cope with DNA damage, cells have 
evolved a sophisticated repair system. Failure of 
this system leads to genomic instability, which 
triggers apoptosis under normal physiological 
circumstances. Should mutations in key apopto- 
sis signalling proteins and oncogene activation 
also occur, then tumour development is a likely 
scenario. 



MITOCHONDRIAL (INTRINSIC) 
PATHWAY 



DEATH RECEPTOR (EXTRINSIC) 
PATHWAY 



Celi injury 

• Growth factor 
withdrawal 
DNA damage 
(by radiation, 
toxins, free 
radicals) 

• Protei n 
misfolding 
(ER stress) 




Ligands for 
phagocytic 
celi receptors 



Cytoplasmic bleb 



Apoptotic body 



Figure 1-23 



Mechanisms of apoptosis. The two pathways of apoptosis differ in their induction and regulation, and both culminate in the activation 
of "executioner" caspases. The induction of apoptosis is dependent on a balance between prò- and anti-apoptotic signals and intracel- 
lular proteins. The figure shows the pathways that induce apoptotic celi death, and the anti-apoptotic proteins that inhibit mitochon- 
drial leakiness and cytochrome c-dependent caspase activation and thus function as regulators of mitochondrial apoptosis. 



CLASSI DI ONCOGENI 



a) Proteine con azione di 
fattori di crescita 

b) Recettori di membrana 

c) Proteine di trasduzione 
del segnale 

d) Proteine che si legano al 
DNA ed agiscono da fattori 
di trascrizione 

e) Proteine che prevengono 
r apoptosi 




■ Tabella 24.4 - Principali gruppi di geni coinvolti 
nella morte cellulare programmata. 



Geni 


Principali tunzioni dei prodotti 


Permissivi 


Preposti alla determinazione 
del programma apoptotico at- 
tuabile nei vari citotipi. 


Regolatori 

(es. Tp53, Rb, Apo-1, 
TNF). 


Preposti all'innesco del pro- 
gramma apoptotico 


Effettori essenziali 
(Box, Bad, Bak, Bcl- xs , 
Bile, Bid, Noxa) 


Preposti alla realizzazione 
dell'apoptosi o proapoptotici 


Inibitori essenziali 
(Bcl-2, Bcl- X L/ Bcl-w, 
Al/Bfl-l,Mcl-l) 


Preposti al blocco dell'apopto- 
si o antiapoptotici 



prO-SUrvivdl BLOCCANO "AAOAAP" (mitochondrial outer membrane permeabilization) 
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a2 a3 



a4 a5 
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Figure 2 | Three subfamilies of Bcl2-related proteins. Known a-helical regionsare 
indicateci, as are the four regions (BH1 -4) that are most highly conserved among family 
rnembers. Most rnembers have a carboxy-terminal hydrophobic domain that aids association 
vvith ittracellular membranes, the exceptions being A1 and many of the BH3-only proteins 
(Baci, Bici. Noxa, Bmf and Puma). Several other multiclomain homologues (for exarnple, 
Boo/Diva, Bcl-Rarnbo, Bcl-G. Bcl-B) have been clescribed, but their function is not yet clear. 
TM. transmembrane domain. 



Bax, 

Bak, Bok 



Bid 



Bim, 
Bik, Bad, 
Bmf, Hrk, 
Noxa, 
Puma 




Figure 3 | Signalling pathways in apoptosis. The interactions between Bcl-2 family members, the 
CD95 (also known as FAS) system, MYC and p53 are shown. This is not a comprehensive signalling 
pathway diagram, but does give a sense of the intricate signalling involved in the regulation of apop- 
tosis. FADD, FAS-associated death domain protein. 
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■ Figura 24.8 - Ruolo degli omodimeri e degli eterodimeri 
delle proteine Bcl-2 e Bax nella modulazione dell'apoptosi. 




NORMALE 



ira 8 33 Regolazione della morte cellulare da parte di bcl-2. bax e p5i. I dimeri di bc/-2 favoriscono l'accumulo delle 
itHIule inibendo la apoptosi, mentre i dimori di b*x favoriscono la apnptnO la capacita di del gene pS3 di indurre la 
apoptosì è mediata in parte dalla aumentata sintesi della proteina bax. 



Table 9.5 Examples ofjanti-apoptotic alterations found in human tumor cells 


Alteration 


Mechanism of anti-apoptotic action 


Types of tumors 


CASP8 promoter methylation 


inartivamonoff extrinsic cascade 


SCLC, pediatrie tumors 


CASP3 repression 


inactivation of executioner caspase 


breast carcinomas 


Survivin overexpression* 


caspase inhibitor 


mesotheliomas, melanomas, many 






carcinomas 


ERK activation 


repression of caspase-8 expression 


many types 


ERK activation 


protection of Bcl-2 from degradation 


many types 


Raf activation 


sequestration of Bad by 14-3-3 proteins 


many types 


PI3K mutation /activation 


activation of Akt/PKB 




NF-kB constituti ve acti vation b 


induction of anti-apoptotic genes 


many types 


p53 mutation 


loss of ability to induce pro-apoptotic genes 


many types 


p14 ARF gene inactivation 


suppression of p53 levels 


many types 


Mdm2 overexpression 


suppression of p53 levels 


sarcomas 


IAP-1 gene amplification 


antagonist of caspases-3 and 7 


esophageal, cervical 


APAF1 methylation 


loss of caspa se-9 activation by cytoch rome c 


melanomas 


BAX mutation 


loss of pro-apoptotic protein 


colon carcinomas 


Bcl-2 overexpression 


closes mitochondrial channel 




PTEN inactivation 


hy peracti vity of Akt/PKB kinase 


glioblastoma, prostate carcinoma, 






endometrial carcinoma 


IGF-1/2 overexpression 


activates PI3K 


many types 


IGFBP repression 


loss of anti-apoptotic IGF- 1/2 antagonist 


many types 


Casein kinase II 


activation of NF-kB 


many types 


TNFR1 methylation 


repressed expression of death receptor 


Wilms tumor 


FLIP overexpression 


inh ibition of caspase-8 activation by death 


melanomas, many others 




receptors 




Akt/PKB activation 


phosphorylation and inactivation of 


many types 




pro-apoptotic Bcl-2-like proteins 




Stat3 activation 


induces expression of Bcl-X L 


several types 


TRAIL-R1 repression 


loss of responsiveness to death ligand 


small-cell lung carcinoma 


FAP-1 overexpression 


inhibition of Fas receptor signaling 


pancreatic carcinoma 


XAF1 methylation' 


loss of inhibition of anti-apoptotic XIAP 


gastric carcinoma 


Wipl overexpression 0 


suppression of p53 activation 


breast and ovarian carcinomas, 






neuroblastoma 



Tabella 4.3. Principali proto-oncogèni umani ciassificati in base alle funzioni espletate dai foro prodotti. 



Funzione espletata 



Principali caratteristiche delle singole proto-oncoproteine* 



Fattori di crescita 
INT-2 
HST 
SIS 

Recettori membra nari 

Famiglia ERB-B 
Famiglia CBL 

KIT 

Famiglia MET 
SAM 

Recettori nucleari 

Famiglia ERB-A 

Proteine G e fattori associati 

Famiglia RAS 
BCR 

DBL 

Fattori attivi nel ciclo mitotico 
BCL-1 o PRAD-1 
TRE-2 

Fattori di controllo dell'apoptosi 
BCL-2 

ETS-1 
C-MYC 

Fattori attivanti la trascrizione dei DNA 



Fattore di crescita FGF-3 
Fattori di crescita FGF-4 
Catena B del PDGF 

Recettori dell'EGF e di analoghi fattori di crescita 

Promuovono la degradazione dei recettori TK (fomiti di un sito catalitico tìro- 
sina chinasi) attivati ubiquitiiandoli e favorendone Tendocitosi 
Recettore dello MGF (o SCF) 
Recettori del fattori "scatter": HGF e MSP 
Recettore del bFGF e di analoghi fattori di crescita 



Famiglia MYC 
Famìglie FOS e JUN 

Chinasi seriniche/treoniniche 

Famiglia RAF 

MOS 

Chinasi tirosiniche 

Famiglia SRC 

ABL-lb 



Recettori degli ormoni tiroidei 

Proteine G monomeriche attive nella trasmissione di segnali membranari 
Fattore GAP e GEF associato a proteine G monomeriche della famiglia 
RAC/RHO 

Fattore GEF associato a proteine G monomeriche delia famiglia RAC/RHO 
Ciclina D1 

Enzima deubiquitilizzante: dissocia l'ubiquitina da residui indigenti dei sub- 
strato proteico consentendone il reimpiego 

Blocca l'apoptosi in vari citotipi competendo con il prodotto del gene BAX 
(vedi Scheda 2.1) 
Attiva nella linea linfoide T 

in assenza dì adeguati stimoli proliferativi, promuove l'apoptosi sensibilizzan- 
do le cellule nei riguardi dei segnali impartiti dal recettore CD95 

Fornite di una cerniera di leucina e di un motivo elica-ansa-elica favorenti la for- 
mazione di dimeri. Si legano al DNA dopo avere formato eterodimeri Myc/Max 
Fanno parte del complesso AP-1 ; fornite di una cerniera di leucina si legano al 
DNA dopo avere formato omodimeri (Fos/Fos, Jun/Jun) o eterodimeri (Fos/Jun) 



Agendo su altre chinasi citoplasmatiche (MAP o MEK) innescano una casca- 
ta fosforiìativa che provvede alla trasmissione di segnali membranari 
Regola la meiosi impedendo l'attivazione partenogenetica dell'ovocita 

Ancorate al versante citoplasmatico della plasmamembrana trasmettono i 
segnali membranari mediante i loro domìni SH2 e SH3 
Come sopra 



